ABSTRACT -(Ovule ontogeny of Tabebuia pulcherrima Sandwith (Bignoniaceae): embryo sac development). The chalazal megaspore develops in a Polygonum-type embryo sac. The amyloplast-rich endothelium is partially degraded during the expansion of the micropylar portion of the megagametophyte. Organization of the mature embryo sac is determined by the patterns of vacuolation, nuclear migration, spindle orientation and cellularization. The egg cell is slightly chalazal in relation to the synergids, and its micropylar end does not touch the micropylar channel. At the chalazal pole of the egg apparatus, the common walls between the synergids, the egg and central cells, despite their tenuity, are present in the mature megagametophyte. The polar nuclei do not fuse before fertilization and the antipodals are persistent until the first stages of endosperm formation. The taxonomic significance of some embryological characters for the Bignoniaceae is discussed.
Introduction
Studies of the female gametophyte in species of Bignoniaceae are very scarce. The majority and the most important of them deal with general aspects of the embryology of the species studied, giving only some superficial information about embryo sac development. The first reported study of the embryo sac ontogeny in a Bignoniaceae was made by Guignard (1882 apud Schnarf 1931) in Bignonia capensis (= Tecoma capensis). Subsequent studies were performed in Bignonia venusta (= Pirostegia venusta) (Duggar 1899) , Bignonia tweediana, B. bungei, Campsis radicans, C. chinensis, Catalpa bignonioides, Crescentia macrophylla, Incarvillea olgae, Jacaranda mimosifolia, Phaedrantyus sp., Tecoma sambucifolia (Mauritzon 1935) , Bignonia megapotamica (Swamy 1941) , Jacaranda mimosifolia, Parmentiera cereifera, Kigelia pinnata, Tecoma stans (Govindu 1950) , Oroxilum indicum (Ghatak 1956 ), Tabebuia rosea, Millingtonia hortensis, Dolichandrone falcata, Heterophragma adenophylum, Stereospermum chelonoides (Mehra & Kulkarni 1985) and Tabebuia ochracea (Bittencourt Jr. 1992) . Schnarf (1931) , Davis (1966) and Johri et al. (1992) organized taxonomically the existing literature.
Nowadays, much literature exists about the structure and development of the megagametophyte in angiosperms. However, details about nuclear migration during the free-nuclear stages of the embryo sac, expansion and organization of its vacuome, and the process of cellularization have received less attention (Kapil & Bhatnagar 1981 , Cass et al. 1985 , Bhandari & Chitralekha 1989 . According to Newcomb (1973) and Kapil & Bhatnagar (1981) , the scarcity of this kind of information may be due to the difficulty to collect suitable material at critical stages. But the study of these aspects of embryo sac development, in several particular cases, is essential for a more comprehensive understanding of structural and functional organization of the mature megagametophyte.
Different phases of the embryo sac development of Tabebuia pulcherrima Sandwith were presently investigated, not only to contribute to the understanding of the female gametophyte organization in flowering plants, but equally to supply embryological features for use in Bignoniaceae taxonomy.
Material and methods
Collection and processing of Tabebuia pulcherrima Sandwith for light microscopic analysis was done as already described in Bittencourt Jr. & Mariath (2002) . Successive stages of embryo sac development were inferred by the length of the ovary, and several samples of each length were examined. All ovaries were transversely sectioned in less than 2 mm thick slices, in order to ensure penetration of the fixative. After the embedding in historesin, the samples were sectioned in microtome, in 1 to 4 µm thick transverse sections.
Results
The development of the embryo sac in T. pulcherrima is of the Polygonum type. During the embryo sac mother cell nucleus' first acytokinetic mitosis, the metaphasic plate is always perpendicular to the longitudinal axis (figure 1). The vacuome tends to fragment and, immediatelly after karyokinesis, the nuclei of the two nucleated embryo sac begin to move to opposite poles, while a central vacuole grows between them (figures 2, 3). Remnants of the micropylar megaspores are squeezed at the micropylar end of the embryo sac (figures 1, 2).
The nucellar epidermis is gradually disorganized, but some of its cells persist around the base of the embryo sac (figure 3). A slight thickening of the cuticle at the outer periclinal walls of the persisting nucellar epidermal cells was observed. The central vacuolewhich from this stage on will originate the central cell vacuome of the maturing megagametophyte -enlarges significantly, accumulating a fibrous-granulated substance similar to the one mentioned for the polar vacuoles of the embryo sac mother cell (Bittencourt Jr. & Mariath 2002) . The nuclei start to occupy the micropylar and chalazal poles of the megagametophyte. The chalazal portion of the embryo sac is projected slightly into the chalaza, without disturb its cells. Usually, a great part of the chalazal vacuole persists between the chalazal nucleus and the chalazal wall of the two-nucleated embryo sac. At the micropylar portion, the expanding megagametophyte not only absorbs the remnants of the micropylar megaspores, but also begins to occupy the space of the degenerating endothelial cells. The micropylar nucleus is usually positioned very close to the distal wall of the megagametophyte, with only small remaining fragments of the micropylar vacuole surrounding it (figures 3, 4).
The micropylar region of the embryo sac expands for the sides, as well as upward, invading the proximal portion of the micropylar channel (figures 4, 5). Remnants of cell walls from the degenerated nucellar epidermis and endothelium accumulate around the embryo sac, forming a strongly pectinized envelope. At the middle and chalazal regions of the megagametophyte, the endothelial cells are not disrupted, so that the narrow space between the disorganized nucellar epidermis and the endothelium is preserved and the megagametophyte as a whole becomes clavae-shaped. Even after ovule fecundation, the endothelial cells around the narrowed portion of the embryo sac stay undisturbed, with dense cytoplasm, and frequently presenting mitotic divisions.
The two nuclei of the embryo sac simultaneously undergo the second acytokinetic mitosis (figure 5). The metaphasic plate of the chalazal nucleus is perpendicular to the longitudinal axis of the megagametophyte in all observed samples, while in the micropylar nucleus it is oblique or almost parallel to the axis. After karyokinesis, the two chalazal nuclei are positioned on the longitudinal axis of the embryo sac, and small irregular vacuoles begin to form between them (figures 6, 7). The two micropylar nuclei are simply rearranged, becoming approximately aligned with the longitudinal axis.
At the tetranucleate stage, the distal portion of the megagametophyte invades great part of the micropylar channel. However it does not reach the external side of the ovule, remaining inside the integument ( figure 6, 7) . The fibrous-granulated content of the vacuome gradually disappears. Starch grains, intensely synthesized by the endothelial cells, persist after such cells been squeezed, so that these starch grains accumulate in the embryo sac envelope, giving it a wavy contour.
The third and last karyokinesis of the embryo sac takes place in the four nuclei at the same time (figures 8-10). Although the chalazal portion of the megagametophyte is narrowed, the spindles can be guided in the T configuration, i.e. with the metaphasic plates of the proximal and distal chalazal nuclei parallel and perpendicular to the longitudinal axis of the megagametophyte, respectively. Alternatively, the proximal spindle can be positioned with the metaphasic plate in an oblique, almost perpendicular position in relation to the axis. The distally positioned chalazal mitotic nucleus originates the chalazal polar nucleus and the nucleus of one of the mature embryo sac antipodals. The two other antipodal nuclei are derived from the proximally positioned chalazal mitotic nucleus. On the other hand, at the micropylar portion of the megagametophyte, the spindles were only observed in the ⊥ configuration, i.e. with the metaphasic plates of the distal and proximal micropylar nucleus approximately parallel and perpendicular to the longitudinal axis of the embryo sac, respectively. The proximal micropylar mitotic nucleus is usually positioned sidewards, the opposite side being occupied by the micropylar end of the central vacuole (figures 9, 10). The distally positioned micropylar mitotic nucleus gives origin to the nuclei of the two synergids, the proximally positioned one gives origin to the micropylar polar nucleus and to the egg cell nucleus.
The third and last mitotic division of the megagametogenesis results in an embryo sac with eight nuclei and seven cells (figures 11-17) . Apparently the processes of karyokinesis and cytokinesis are quite continuous because no completely non-cellular 8-nucleated embryo sac was observed. The central vacuole in this stage begins to become separated in irregular compartments due to the formation of cytoplasmic strands and, inside these strands, numerous amyloplasts grow (figure 13). The process of cellularization seems to be faster at the chalazal region because in embryo sacs in which the cell walls of the egg apparatus are not yet differentiated, the walls that separate the antipodals are already clearly visible.
Antipodals position after cytokinesis is very variable. They can be placed in a linear, triangular or several intermediate arrangements ( figure 14) . The young antipodals have dense cytoplasm with tiny vacuoles. Invariably, the chalazal polar nucleus begins to move to the center of the embryo sac before the complete cellularization of the antipodals (figure 13). In the recently formed egg apparatus, the synergids and egg cell are triangularly arranged (figures 15-17). These cells inherit small vacuoles already existing in the micropylar portion of the embryo sac before cellularization. Although the micropylar polar nucleus may start to move away from the egg apparatus during cellularization, it commonly does so after cytokinesis is completed (figures 12, 13).
Immediately after cellularization, the egg cell can be easily distinguished from the synergids. In a young egg cell, the nucleus and most of the cytoplasm are located at the chalazal pole, with one or more vacuoles at the micropylar pole (figures 16, 17). In the synergids, the position of the nucleus is central to slightly micropylar. Both cytoplasmatic poles of a synergid contain vacuoles, and the chalazal vacuole usually is larger than the micropylar one (figure 15). The position of the three cells in the egg apparatus is variable. In some middle longitudinal sections of the embryo sac, the egg cell is seen beside one of the synergids (figure 17); in others the two synergids are visible (figure 15), or just the egg cell is seen ( figure 16 ). The egg cell and the synergids are pear-shaped, wider in the proximal (chalazal) portion, more narrowed in the distal (micropylar) portion, with a dense cytoplasm. However, the micropylar extremity of the egg cell does not reach the micropyle and its chalazal portion is a little salient in relation to the synergids. Therefore the egg cell position in the embryo sac is lateral and slightly more chalazal than the synergids (figure 17).
After the organization of the egg apparatus, the synergids and the egg cell expand considerably, becoming elongated and invading a great part of the micropylar portion of the central cell (figures 18-20) . Such growth is accompanied by vacuolar expansion that, in the case of the synergids, is more accentuated in the chalazal vacuole. In the mature megagametophyte the wall structure is complex, due to its compactness close to the walls of collapsed cells of the integument and nucellar epidermis (figures 21-23). In the micropylar area, where the embryo sac expands absorbing the endothelium, the wall is thicker (embryo sac envelope), attenuating in the chalazal area, where the cells of the nucellar epidermis, although disorganized, are not totally deformed (figures 21-23, 26). The cuticle of the nucellar epidermis in this region remains relatively thick and quite visible in sections stained with Sudan black B (figure 22). Only the distal portion of the egg apparatus stays in direct contact with the embryo sac envelope. In the middle and proximal regions, a narrow space, filled with cytoplasm of the central cell, separates the embryo sac envelope from the egg apparatus (figures 24, 25) .
At the chalazal pole of the egg apparatus the common walls of the synergids, the egg cell and the central cell become very thin (figures 24-26); however they are PAS-positive and do not present discontinuities. The cytoplasm of the synergids and egg cell remain dense and numerous amyloplasts differentiate, especially around the nucleus (figures 22-25). However, in the egg cell the micropylar vacuole occupies almost the whole cell, leaving only a small amount of cytoplasm around the nucleus, where small vacuoles are present (figures 23, 25) . At the micropylar portion of the synergids, a filiform apparatus grows as a strongly PASpositive wall thickening between both cells and where they are in direct contact with the inner end of the micropyle (figures 22, 24, 26) . No wall ingrowth of the filiform apparatus was seen, even at the highest magnification of the microscope. In the central cell, the cytoplasmic density increases (figures 21, 23) and numerous amyloplasts are continually produced. The central cell amyloplasts are larger than the amyloplasts of other cells of the embryo sac, and they tend to accumulate around the polar nuclei. The vacuome tends to fragment in small vacuoles of irregular shapes ( figures 21, 22, 26) . The polar nuclei expand, their nucleoli become prominent and frequently present nucleolar vacuoles. The polar nuclei migrate to a central position in the embryo sac, becoming very close to each other, but do not fuse (figures 23, 25, 26) . Preliminary observations of the fertilization process in the megagametophyte suggest that the fusion of the polar nuclei only happens after the pollen tube penetrates the embryo sac, because in ovaries containing fecundated and non-fecundated ovules, the last ones showed non-fused polar nuclei. Due to the expansion of the egg apparatus, the chalazal pole of the egg cell, where its nucleus is found, approaches closely the polar nuclei in the mature embryo sac (figures 25, 26).
The antipodal cells stay viable until the maturity of the megagametophyte, presenting a modest cellular expansion (figures 21, 22, 26). The cytoplasmic density of the antipodals is greater than in all the other cells of the embryo sac. Small vesicles of irregular shapes are abundant in the cytoplasm. In the nucleus, the nucleolus becomes quite conspicuous. The first signs of nuclear pycnosis appear only at the last stage of maturation, when the embryo sac is ready to be fertilized.
During the whole megasporogenesis and megagametogenesis, but especially in the last ontogenetic stages of the embryo sac -between the tetranucleate stage and the mature megagametophytethere is no strict synchrony of ovule maturation, and ovules containing megagametophytes in different developmental stages can be found in a same transverse section of the ovary. At anthesis, most of the megagametophytes are mature (figure 26).
During the maturation of the embryo sac, at the flanks (integument) and chalazal end of the ovule, periclinal divisions occur in the underlying cells of the epidermis. Consequently, the ovule becomes discshaped, and this is the first step to the wing formation in the seed of Tabebuia.
Discussion
The following features observed in T. pulcherrima are common for all Bignoniaceae studied up to now: the embryo sac elongation during free-nuclear stages; lateral enlargement of its micropylar region accompanied by disorganization and absorption of the adjacent nucellar epidermis and endothelial cells; megagametophyte invasion of the micropyle proximal portion; partial preservation of some cells of the nucellar epidermis and maintenance of an active differentiated endothelium (when present) adjacent to the lateral walls of the embryo sac chalazal region (Mauritzon 1935 , Swamy 1941 , Govindu 1950 , Ghatak 1956 , Mehra & Kulkarni 1985 , Galati & Strittmatter 1999 . Although it has been held for many years that nucellar (and endothelial) cells which degenerate do so as a consequence of mechanical pressure, more recent studies indicate that degeneration of these cells is a genetically controlled phenomenon of autolysis rather than a result of mechanical pressure from the growing megagametophyte (Tilton & Lersten 1981) . Folsom & Cass (1989 , 1990 pointed out that, in soybean, the development of the tetranucleate embryo sac is guided by the giant central vacuole, which limits the nuclear movements, and control in this way the subsequent ontogenetic events. The present observations indicate that, not only the central vacuole, but the whole vacuome of the embryo sac is involved in the control of the subsequent ontogenetic events and in the organization of the mature female gametophyte of T. pulcherrima. This can be inferred by the following observations: (1) the vacuolation between the two chalazal nuclei at the tetranucleate stage; (2) the lateral position of the proximal micropylar nucleus, imposed by the micropylar end of the central vacuole during the transition between the 4-and 8-nucleate stages; (3) the inheritance of vacuoles, already existing at the micropylar pole of the embryo sac before cellularization, by the cells of the recently-formed egg apparatus; (4) the concomitant expansion of the egg apparatus and of the vacuoles of the synergids and egg cell. Moreover, the expansion of the egg apparatus and the restriction of the egg cell nucleus into the chalazal pole by the egg cell vacuole, act together to approximate the polar nuclei and the egg cell nucleus, which seems to be important for the process of double fecundation (Huang & Russell 1992) .
In the tetranucleate stage, the two micropylar nuclei shift their position, becoming parallel to the longitudinal axis of the megagametophyte, while the distal chalazal nucleus moves slightly in direction to the center of the embryo sac. Folsom & Cass (1990) admitted that, in soybean, changes of position of the chalazal nuclei are related with the elongated shape that the chalazal portion of the embryo sac acquires in the tetranucleate stage. However, they did not point out any possible relationship between the positional shifting of the micropylar nuclei and the form of the micropylar portion of the gametophyte. The authors demonstrated that one of the micropylar nuclei stays in distal position, originating after the third mitotic cycle the nuclei of the two synergids, while the other moves in chalazal direction, originating the micropylar polar nucleus and the nucleus of the egg cell. Therefore such position changes determine the destiny of both micropylar nuclei. However, Bhandari & Chitralekha (1989) observed that both micropylar nuclei stay at the same level, in the wide micropylar pole of the 4-nucleate embryo sac of Ranunculus scleratus. In the tetranucleate megagametophyte of Tabebuia pulcherrima, not only the destiny of the micropylar nuclei is determined by the chalazal movement of one of them, but the destiny of the chalazal nuclei is at least partially determined by the micropylar movement of the distal chalazal nucleus, independently of this movement to be or not related with the narrowed shape of the embryo sac chalazal portion. In fact the destiny of the chalazal nuclei begin to be defined still during the second karyokinesis, as in that stage the metaphasic plate of the proximal mitotic nucleus seems to be always perpendicular to the longitudinal axis of the embryo sac.
The positioning of the mitotic spindles of the third karyokinesis, as much in the chalazal as in the micropylar portion, seem to determine the arrangement of the antipodals and egg apparatus. The last karyokinetic cycle and cytokinesis are intimately associated, being the cellularization initiated at the chalazal end. Folsom & Cass (1989) observed the same in soybean. In other species, cytokinesis is processed simultaneously in both the chalazal and micropylar poles (Bhandari & Chitralekha 1989) . This is in contradiction with the statement of Huang & Russell (1992) according to whom cellularization at both the chalazal and micropylar poles are always simultaneous. In several angiosperms, the speed with which the cell walls are formed after the last mitotic cycle makes it difficult to follow step by step the cellularization process. This has been pointed as a cause of the lack of information about that critical ontogenetic stage of the female gametophyte (Kapil & Bhatnagar 1981 , Bhandari & Chitralekha 1989 . In contrast with the observation of Bhandari & Chitralekha (1989) for Ranunculus sceleratus, during cellularization of the megagametophyte of Tabebuia pulcherrima the cell plates are not PAS-positive. This makes it still more difficult to follow the sequential deposition of the cell walls.
As soon as cellularization happens at the micropylar portion, the egg cell presents the nucleus at the chalazal pole, small vacuoles at the micropylar pole, and the whole cell stays in a more chalazal position relatively to the synergids, which present a bipolar vacuome and the nucleus in a central, slightly micropylar position. Such dimorphism between the synergids and the egg cell in the immature egg apparatus of T. pulcherrima contrasts with observations in other species, where the young cells of the egg apparatis are indistinguishable (Bhandari & Chitralekha 1989 , Huang & Russell 1992 .
Usually, in mature embryo sac, the common walls among the synergids, the egg cell and the central cell (chalazal portion of the egg apparatus) are very thin, discontinuous or totally absent. In this last case, only the plasmalemma delimits the cells (Cocucci & Jensen 1969 , Jensen 1972 , Kapil & Bhatnagar 1981 , Willemse & van Went 1984 , Folsom & Cass 1990 , Mansfield et al. 1991 , Russell 1992 , Huang & Russell 1992 . The total or partial absence of cell walls in the chalazal portion of the egg apparatus is important for double fertilization, as the male gametes released by the pollen tube inside one of the synergids need to be transferred, one to the egg cell and another to the central cell. Moreover, according to Mansfield et al. (1991) , the absence of cell walls in that area allows the free translocation of nutrients from synergids to egg cell and central cell. In T. pulcherrima these cell walls become very thin, but they persist until the maturity of the embryo sac and no discontinuity was observed. In Epidendum scutella (Cocucci & Jensen 1969) , Papaver nudicaule (Olson & Cass 1981) and Scilla sibirica sato (Bhandari & Sachdeva 1983 ) the cells of the egg apparatus are entirely involved by PAS-positive walls. Tilton (1981) equally observed continuous walls around the egg apparatus of Ornithogalum caudatum in some optical preparations. In Epidendrum scutella, in the chalazal portion of the degenerative synergid, common walls between egg and central cells are dissolved, so that the last two cells establish direct contact with the degenerative synergid (Cocucci & Jensen 1969) . In Capsella bursa-pastoris the cell walls are also continuous in the chalazal region of the egg apparatus, but frequently a pore is observed in the walls between the degenerative synergid and the egg cell in fertilized megagametophytes (Schulz & Jensen 1968) . This indicates that the presence of cell walls is not necessarily in contradiction with the fusion of the gametes (Willemse & van Went 1984 , Mansfield et al. 1991 .
Together, the synergids, the egg cell and the central cell constitute what it has been denominated as female germ unit (Dumas et al. 1984 , Huang & Russell 1992 . This unit has been considered the minimum group of cells capable of: (1) receive the pollen tube, (2) propitiate the discharge of the sperm cells inside the receptive portion of the female gametophyte, and (3) undergo double fertilization. In the mature embryo sac of Tabebuia pulcherrima the synergids are longitudinally elongated, with a sharp micropylar end and an enlarged chalazal portion. Only the distal portion of the synergid lateral walls is in direct contact with the embryo sac envelope (synergids and egg cell are hooked). Such features were also observed in the synergids of other Bignoniaceae (Mauritzon 1935 , Swamy 1941 , Govindu 1950 , Gathak 1956 , Davis 1966 , Mehra & Kulkarni 1985 , Johri et al. 1992 . The shape of the egg cell is similar to the synergids, but in Tabebuia rosea, Stereospermum chelonoides and Dolichandrone falcata a spherical shape for the egg cell was reported (Mehra & Kulkarni 1985) . Both the synergids and the egg cell present an accentuated degree of polarity. Cytoplasmic polarity of the egg cell seems to be an almost universal character in the angiosperms, and may be an important factor (or even a requirement) for the subsequent development of the zygote (Mansfield et al. 1991) .
With the exception of Plumbago and other genera of the Plumbaginoideae, with no synergids in the embryo sac, in angiosperms the pollen tube penetrates one of the synergids -usually the one that started to undergo a degenerative process -through the filiform apparatus (Schulz & Jensen 1968 , Jensen 1972 , Kapil & Bhatnagar 1981 , Willense & van Went 1984 . In Tabebuia pulcherrima the egg cell assumes a lateral disposition and is slightly chalazal in relation to the synergids; consequently it does not establish direct contact with the micropylar channel. Therefore the pollen tube necessarily has to find the apex of the synergids and the filiform apparatus when penetrating the micropyle.
Many ultrastructural studies have demonstrated that the synergids are very active cells, probably involved in the secretion of substances -e.g., chemiotactic substances which guide the pollen tube to the synergids, as well as in the absorption of nutritious material originating from tissues of the micropylar region and its translocation to the central and egg cells (Schulz & Jensen 1968 , Tilton 1981 , Willemse & van Went 1984 , Folsom & Cass 1990 , Mansfield et al. 1991 , Russell 1992 , Tirlapur et al. 1993 . According to this vision, the filiform apparatus exercises the important function of increasing diffusion efficiency, like wall ingrowths of transfer cells. In relation to this supposed absorptive activity, it is important to point out that, in Tabebuia pulcherrima, the cells of the integument adjacent to the micropylar ends of the synergids are very rich in starch grains. Therefore, it is suggested that the starch could be hydrolyzed and used as sources of energy for the megagametophyte.
The central cell occupies most of the embryo sac, involving at the micropylar pole the proximal two thirds of the egg apparatus and being limited at the chalazal pole by the antipodals. The cytoplasm of the central cell accumulates numerous and conspicuous amyloplasts, especially around the nuclei. The polar nuclei are quite voluminous with prominent nucleoli, containing nucleolar vacuoles. Such characters are ordinarily observed in the central cell of most of the angiosperms (Kapil & Bhatnagar 1981 , Willemse & van Went 1984 , Huang & Russell 1992 and they indicate an intense metabolic activity, obviously associated with the function of the central cell as progenitor of the endosperm. Preliminary observations of the fertilization process reveal that the fusion of the polar nuclei occurs only after the pollen tube reaches the embryo sac. The moment in which the polar nuclei fuse with each other -prior to or after fertilization -is not constant in the angiosperms, and they never unite in some species (Tilton & Lersten 1981) .
The antipodals are very variable in the angiosperms. In Bignoniaceae the antipodals' longevity seems to vary from species to species. In all the species investigated by Mauritzon (1935) and in Bignonia megapotamica (Swamy 1941) , Kigelia pinnata (Govindu 1950) , Oroxilum indicum (Ghatak 1956 ) and Tabebuia ochracea (Bittencourt Jr. 1992 ) the antipodals are ephemeral, degenerating soon after cellularization of the embryo sac. However, in the species studied by Mehra & Kulkarni (1985) , as well as in Jacaranda mimosifolia, Parmentiera cerifera, Tecoma stans (Johri et al. 1992) and in the species presented here, the antipodals persist until the first developmental stages of the endosperm. The high cytoplasmatic density and the conspicuous nucleoli in the antipodals of Tabebuia pulcherrima suggest a strong metabolic activity, which is usually associated with the functions of translocation and secretion sometimes attributed to these cells (Jensen 1972 , Kapil & Bhatnagar 1981 , Tilton & Lersten 1981 , Willemse & van Went 1984 , Mansfield et al. 1991 .
During ovule ontogeny in T. pulcherrima, the nucellar epidermal cells adjacent to the sides of the embryo sac chalazal portion are not totally squashed, and a relatively thick cuticle remain on these cells. The same was observed in longitudinal sections of the ovule of T. ochracea (Bittencourt Jr. 1992) . The cutinization of the embryo sac wall was observed in several species of angiosperms, both on the cells of nucellar epidermis and endothelium (Kapil & Tiwari 1978) . According to these authors, the thickness, continuity and uniformity of the cuticular layer are variable not only among species but also at different places in the same species. In the present study, no cutinization was observed in other places of the embryo sac wall. Kapil & Tiwari (1978) pointed out that the cutinized and often thickened walls of the endothelium at the side of the nucellus and embryo sac supposedly prevent the movement of digestive endothelium synthesized enzymes into nucellar cells or embryo sac, as well as the possible outflow of solutes from embryo sac. Due to the specific local of cutinization on the outer periclinal cell walls of the chalazal remnant nucellar epidermis in Tabebuia, we agree with its role in preventing lateral flow of substances (perhaps even nutrients) into the embryo sac at these region. This barrier could be responsible for restraining the megagametophyte lateral expansion at the chalazal region.
In conclusion, the mature megagametophyte organization in Tabebuia pulcherrima is strictly determined by the patterns of vacuolation, nuclear migration, spindle orientation and cellularization. Young synergids and egg cell are quite dimorphic immediately after the megagametophyte cellularization, contrasting with the attempted generalization in literature (Bhandari & Chitralekha 1989 , Huang & Russell 1992 . The PAS-positive common walls between synergids, egg and central cell are present in the mature embryo sac, and we suggest the formation of some kind of passage for the sperm cell nuclei through these walls in fertilized megagametophytes, as related for Epidendrum scutella (Coccucci & Jensen 1969) or for Capsella bursa-pastoris (Schulz & Jensen 1968) . Our data together with other studies on the megagametophyte development suggest that several embryological features are common for all the Bignoniaceae, specially the Polygonum type megagametophyte development, the micropylar end swelling of the megagametophyte and its absorption of the surrounding nucellar epidermis and endothelial cells, differentiation of a hypostase and presence of hooked synergids in the mature embryo sac. However, at least the shape of the mature egg cells and longevity of the antipodals seem to diverge in different species of this family.
